BACKGROUND-We sought to define the impact of cortisol-secreting status on outcomes after surgical resection of adrenocortical carcinoma (ACC).
RESULTS-The incidence of all functional and cortisol-secreting tumors was 40.6% and 22.6%, respectively. On multivariable analysis, cortisol secretion remained associated with an increased risk of postoperative complications (odds ratio = 2.25, 95 % confidence interval = 1.04 to 4.88; P = .04). At a median follow-up of 17.6 months, 118 patients (50.4%) had developed a recurrence. On multivariable analysis, after adjusting for patient and disease-related factors cortisol secretion independently predicted shorter recurrence-free survival (Hazard ratio = 2.05, 95% confidence interval = 1.16 to 3.60; P = .01).
CONCLUSIONS-Cortisol secretion was associated with an increased risk of postoperative morbidity. Recurrence remains high among patients with ACC after surgery; cortisol secretion was independently associated with a shorter recurrence-free survival. Tailoring postoperative surveillance of ACC patients based on their cortisol secreting status may be important.
Keywords
Adrenocortical; Carcinoma; Cortisol; Outcomes Although adrenocortical carcinoma (ACC) is often diagnosed as an incidental finding on cross-sectional imaging, up to 40% to 60% of patients present with symptoms. 1 Clinical syndromes are typically secondary to the autonomous production of hormones that include androgens, estrogens, mineralocorticoids, and corticosteroids. 2, 3 Unlike patients with nonfunctional tumors who may present with nonspecific symptoms related to local mass effects of the tumor such as abdominal pain, 4, 5 patients with functional tumors often present with very hormone-specific symptoms. For example, androgen-secreting tumors can lead to gynecomastia and testicular atrophy, 6 whereas excessive mineralocorticoid secretion commonly induces hypertension. 7 In addition, cortisol-secreting tumors commonly present with rapidly progressing Cushing's syndrome. 8, 9 Cortisol-secreting tumors are the most common hormonal-functional ACCs. 3 However, the impact of cortisol-secreting tumors and their distinct biologic behavior remain poorly defined. Cortisol has been demonstrated in general to suppress immune surveillance by blunting the cellular immune response possibly leading to tumor growth and recurrence. 10 Of note, recurrence after ACC surgery is particularly common, occurring in 50% to 90% of patients. 6, [11] [12] [13] To date, only a handful of single-institution studies have explicitly examined the effect of cortisol-secretion on the long-term outcomes of patients with ACC. [14] [15] [16] [17] More importantly, these studies have suffered from small sample size, conflicting results, and variable inclusion criteria. [14] [15] [16] [17] As such, the objective of the present study was to examine the outcomes of patients with cortisol-secreting ACC tumors using a large, multicenter collaborative database. In particular, given that cortisol-secreting ACC tumors are the most common hormonal tumor, and the importance of determining prognosis after surgical management of ACC, we sought to define the short-term outcomes and the long-term prognostic impact of cortisol secretion among patients who underwent resection of ACC. Data on patient demographic and clinicopathologic features including age, sex, race, and tumor-specific characteristics were collected. In particular, data were obtained on ACC tumor size, weight, laterality, lymph node status, and presence of capsular invasion. In addition, we recorded the presence of clinical signs and symptoms. Data on T stage were also collected according to 7th edition American Joint Committee on Cancer staging system. 18 Resection margin status was recorded and classified as microscopically negative (R0), microscopically positive (R1), or macroscopically positive (R2). Mitotic rate was defined as number of mitoses/50 high-powered field (HPF). Definition of the functional status of ACC was based on the standard biochemical evaluation of hormone excess. Patients with elevated hormone levels were considered to be hyper secreting irrespective of the presence of clinical symptoms. Furthermore, data regarding treatment details of ACC were collected, including surgical approach and receipt of adjuvant chemotherapy and mitotane. Perioperative complications and mortality were considered within 30 days from the operation. Complications were categorized based on the Clavien-Dindo classification system, with minor complications defined as grade I or II and major complications as grade III or IV. 19 Additional data on the occurrence of postoperative adrenal insufficiency were collected. In addition, the length of hospital stay, date of the last follow-up visit, as well as recurrence and survival information was collected. Recurrence was defined as unequivocal radiologic evidence of a new tumor during follow-up or as a biopsy-proven ACC.
Statistical analysis
Discrete variables were described as medians with interquartile range (IQR) and categorical variables were described as totals and frequencies. Univariate comparisons for discrete variables were assessed using the Chi-square test and Fisher's exact test, as appropriate. The Kruskal-Wallis test was used to compare continuous variables. Univariable and multivariable logistic regression models were assessed to determine specific prognostic factors for perioperative outcomes. Variables significant on univariable analysis (P < .05) were entered into the multivariable regression models. Overall survival (OS) and recurrence-free survival (RFS) were estimated using the Kaplan-Meier methods. Univariable and multivariable Cox proportional hazards models were built to determine factors predictive of risk of recurrence or death. For multivariable Cox proportional hazards models, variables with missing data were subjected to multiple imputation and all variables of clinical importance were included. Comparisons of survival between groups were made using the log-rank test. All analyses were performed with STATA, version 12.0 (StataCorp, College Station, TX), and P < .05 (2 tailed) was considered statistically significant.
Results

Demographic and clinicopathologic features
A total of 234 patients were identified. Table 1 shows the baseline characteristics of the entire cohort stratified by functional status and cortisol-secreting status. The median patient age was 52 years (IQR 44 to 63); most of the patients were female (n = 144, 61.5%) and Caucasian (n = 185, 81.1%). The median tumor size was 11. 03).
Long-term clinical outcomes
At the last follow-up, 118 patients recurred and 101 patients died. The median follow-up time for the cortisol-secreting group was 9.6 months, whereas the median follow-up for the noncortisol-secreting group was 21.7 months (P = .01). Median RFS was 20.9 months. The 1-, 3-, and 5-year RFS was 61.0%, 38.5%, and 28.8%, respectively. On univariable survival analysis, patients with cortisol-secreting tumors had a worse RFS compared with other patients (median survival: cortisol-secreting tumors, 10.5 months vs noncortisol secreting, 26 months; P = .001) ( Fig. 1A) . On multivariable analysis, cortisol secretion remained associated with an increased risk of recurrence (Hazard ratio [HR] 2.05, 95% CI 1.16-3.60; P = .01) after controlling for patient-and disease-specific factors (Table 3) .
Median overall survival was 44.5 months. The 1-, 3-, and 5-year OS was 78.1%, 55.8%, and 43.2%, respectively. On univariate survival analysis, patients with cortisol-secreting tumors had a worse OS compared with other patients (median survival: cortisol-secreting tumors, 18.6 months vs noncortisol secreting, 50.4 months; P < .001; Fig. 1B ). Of note, on multivariable analysis, cortisol secretion was not associated with an increased risk of death (HR = 1.2, 95% CI = .74 to 1.93; P = .46) after controlling for patient-and disease-specific factors. In contrast, advanced T stage (HR = 1.62, 95% CI = 1.05 to 2.50; P = .03), R1/2 surgical margin status (HR = 2.53, 95% CI = 1.66 to 3.88; P < .001), and metastatic disease (HR = 3.01, 95% CI = 1.90 to 4.78; P < .001) remained independent predictors of worse OS.
Comments
Complete tumor extirpation of localized ACC offers the best hope at potential cure, with reported 5-year survival of up to 50% in most contemporary series. 20, 21 Almost 50% to 90% of patients with ACC will; however, develop recurrence and may not derive long-term benefit from surgical resection. 12, 13 As such, identifying patients at high risk for recurrence after surgical resection, and patients who might benefit from adjuvant treatment represents, is important for clinicians. Most studies that have reported on curative intent surgery for ACC have focused largely on overall survival. Data on recurrence have been scarce, and these studies have typically examined relatively small, single institution cohorts. [14] [15] [16] [17] In addition, many previous studies have not specifically focused on the outcome of patients with cortisolsecreting tumors. [22] [23] [24] The present study is important as it defined the risk of recurrence associated with cortisol secretion among patients with ACC. Furthermore, we characterized the association of cortisol secretion with the risk of postoperative complications. Specifically, data from the present study demonstrated that cortisol-secreting ACC tumors were associated with both an increased risk of postoperative complications, and worse long-term outcomes.
The incidence of all functional and cortisol-secreting tumors in the present study was 40.6% and 22.6%, respectively. These data are comparable to the incidence reported in previous studies that investigated functional ACC tumors. 3, [25] [26] [27] [28] Of interest, we noted that patients with cortisol-secreting tumors presented with somewhat different clinical symptoms and signs compared with patients who had nonfunctional tumors ( Table 1 ). In addition, patients with cortisol-secreting tumors were more likely to experience a postoperative complication vs patients who had nonfunctional tumors (P < .05). Cortisol secretion remained associated with overall complications as well severity of complications even after adjusting for other patient and treatment-related factors ( Table 2 ). In particular, cortisol-secreting tumors were associated with an increased risk of postoperative adrenal insufficiency compared with patients who had either another type of functional tumor or patients who had nonfunctional tumors ( Table 1) . This finding may have been partially attributed to the adrenolytic activity of mitotane treatment, which was administered more often to patients with cortisol-secreting tumors vs those patients with nonfunctional tumors. Moreover, mitotane is a well-known inducer of Cytochrome P450 3A4 leading to rapid inactivation of more than 50% of postoperatively administered hydrocortisone that, in turn, increases the need for hydrocortisone replacement in mitotane-treated patients. 29 Of note, the subset of patients with cortisol-secreting tumors also had a worse OS when compared with patients who had other types of ACC tumors (Fig. 1B) . However, after adjusting for patient and disease-related factors the difference did not remain significant. We did note that the overall incidence of recurrence after curative intent surgery was high, as 118 of 234 (50.43%) patients developed a recurrence at the time of last follow-up. In analyzing the entire cohort, RFS was 61% at 1 year and only 28.8% at 5 years. The overall incidence of recurrence reported in the present study was similar to the 50% to 90% overall recurrence rate reported previously. 12, 13 Factors associated with an overall shorter any-site RFS included advanced tumor stage and cortisol secretion ( 13 identified the receipt of adjuvant mitotane as the sole significant factor influencing RFS. Whether cortisol excess exerts a direct tumorigenic effect or acts as a surrogate for unfavorable biological behavior is difficult to determine. In other solid malignancies cortisol secretion itself has been shown to exert stimulatory effects on vascular endothelial growth factor that can in turn mediate tumor growth. 30 Such an effect has been reported in patients with prostate cancer in which cortisol was demonstrated to promote growth of prostate cancer cells. 31 In addition to a tumor promoting action, cortisol has also been shown to suppress immune surveillance by blunting the cellular immune response in breast cancer that, in turn, could lead to tumor recurrence. 10 Collectively, these data suggest that cortisol secretion may similarly confer a worse prognosis among patients with ACC tumors. Given that only about 60% of patients with cortisol-secreting tumors received any kind of adjuvant therapy, increasing this relatively low percentage of patients who received adjuvant therapy may be warranted given the worse outcomes for patients with cortisol-secreting tumors.
The present study had several limitations. As with all retrospective studies, there was undoubtedly some selection bias. Although the multi-institutional nature of the present study was strength, it is conceivable that the incidence of recurrences was under-represented because of the surgical nature of the databases used in the present study. Another strength of the present study was that it represented a collaboration of 13 major academic centers in the United States and therefore reflected a more general experience with cortisol-secreting tumors. All participating centers were tertiary, academic centers in which a complete hormone workup was routinely performed, irrespective of the clinical symptoms. As such, the data may not be completely generalizable (eg, incidence of functional tumors) to the community hospital setting. In addition, the data were derived from a surgical database so the overall resectability rate of cortisol secreting tumors could not be defined. Finally, the relatively small sample size of the study precluded further subanalyses.
Conclusions
In conclusion, although 5-year survival after curative intent surgery for ACC now approaches 50%, the problem of recurrence remains a serious clinical challenge. In fact, 1 of nearly 2 patients experienced a recurrence. Patients with cortisol-secreting tumors had a higher risk of perioperative complications, and a 67% higher risk of recurrence on long term follow-up. Collectively, the data suggest a need for increased awareness of clinicians for detecting postoperative complications and tailoring postoperative surveillance of ACC patients based on their cortisol secreting status. 
